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(57) ABSTRACT 

Improved Group 3-11 transition metal based catalysts and 
processes for the polymerization of ole?ns are described. 
Some of the ligands are characterized by a preferred sub 
stitution pattern Which alloWs for higher productivities of 
highly branched ole?ns; substitution patterns Which boost 
productivity or alter the polymer microstructure are also 
described. 
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PRODUCTIVITY CATALYSTS AND 
MICROSTRUCTURE CONTROL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of the following 
applications under 35 USC § 120: application Ser. No. 
09/507,492, ?led Feb. 18, 2000, and application Ser. No. 
09/563,812, ?led May 3, 2000, the entire contents of Which 
are incorporated herein by reference; and the bene?t of the 
following applications under 35 USC § 119: Provisional 
Application No. 60/231,920, ?led Sep. 11, 2000; Provisional 
Application No. 60/246,254, ?led Nov. 6, 2000; Provisional 
Application No. 60/246,255, ?led Nov. 6, 2000; Provisional 
Application No. 60/246,178, ?led Nov. 6, 2000; and Provi 
sional Application No. 60/298,893, ?led Jun. 19, 2001, the 
entire contents of Which are incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] This application generally relates to ole?n poly 
meriZation catalyst compositions and ole?n polymeriZation 
processes using the same, and to neW polyole?n composi 
tions. 

BACKGROUND OF THE INVENTION 

[0003] The use of late transition metal complexes as 
catalysts for ole?n polymeriZation has recently been 
revieWed by Ittel et al. (Chem. Rev. 2000, 100, 1169). 
NotWithstanding the many advances described therein, there 
remains a need for neW late transition metal catalysts With 
improved productivities under commercial reactor operating 
conditions, and for neW methods of microstructure control. 

Late transition metal catalysts and processes that combine high productivities at elevated temperatures and pressures in 

the presence of hydrogen as a molecular Weight control 
agent, and (ii) high levels of branching, are especially 
sought. NeW catalysts and processes for these purposes are 
described herein. 

[0004] The distribution of branch lengths obtained using 
late transition metal catalysts is also important. Previously 
reported catalysts have tended to give ethylene homopoly 
mers With too feW longer branches, relative to methyl 
branches, to give LLDPE’s With adequate ?lm toughness. 
With the objective of addressing this problem, We have 
developed catalysts and processes Which give ethylene 
homopolymers With substantially higher ratios of C5 and 
longer branches to methyl branches. These neW catalysts, 
processes and ethylene homopolymer compositions are also 
described herein. 

SUMMARY OF THE INVENTION 

[0005] In a ?rst aspect, this invention pertains to a catalyst 
for ole?n polymeriZation, comprising a Group 3-11 metal 
complex of a bidentate, tridentate, or tetradentate ligand, 
Wherein the complex comprises at least one N-donor frag 
ment of formula 1a or 1b; 
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R3b R30 
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[0006] Wherein: 

[0007] M is a Group 3-11 transition metal; 

[0008] R38‘d are each, independently, H, F, Cl, Br, 
hydrocarbyl, substituted hydrocarbyl, ?uoroalkyl, 
nitro, heteroatom connected hydrocarbyl or heteroa 
tom connected substituted hydrocarbyl; and 

[0009] Ar1a is an aryl or heteroaryl group substituted 
at one or both ortho positions by a group Q2; Wherein 
Q2 is hydrocarbyl, substituted hydrocarbyl, heteroa 
tom connected hydrocarbyl or heteroatom connected 
substituted hydrocarbyl. 

[0010] In a ?rst preferred embodiment of the ?rst aspect, 
M is a Group 8-10 metal. 

[0011] In a second preferred embodiment, M is nickel, and 
Q2 is suf?ciently long to eXtend suf?ciently close to the 
metal M to increase the catalyst productivity at elevated 
temperatures, or in the presence of hydrogen, or both, 
relative to an otherWise similar catalyst Wherein Q2 is 
replaced by H, Me, or Ph. 

[0012] In a third preferred embodiment, M is nickel, and 
Q2 is suf?ciently long to eXtend suf?ciently close to the 
metal M to increase the regioselectivity or stereoselectivity 
of comonomer incorporation, relative to an otherWise simi 
lar catalyst Wherein Q2 is replaced by H, Me, or Ph. 

[0013] In a fourth preferred embodiment, M is nickel, and 
Q2 is suf?ciently long to eXtend suf?ciently close to the 
metal M to decrease the amount of chain-running, relative to 
an otherWise similar catalyst Wherein Q2 is replaced by H, 
Me, or Ph. 

[0014] In a ?fth preferred embodiment, M is palladium, 
and Q2 is sufficiently long to eXtend suf?ciently close to the 
metal M to decrease the amount of chain-running, relative to 
an otherWise similar catalyst Wherein Q2 is replaced by H, 
Me, or Ph. 

[0015] In a siXth preferred embodiment, M is nickel, and 
Q2 is suf?ciently long to eXtend suf?ciently close to the 
metal M to increase the chain-running stereoselectivity, 
relative to an otherWise similar catalyst Wherein Q2 is 
replaced by H, Me, or Ph. 

[0016] In a seventh preferred embodiment, M is nickel, 
and Q2 is sufficiently long to eXtend suf?ciently close to the 
metal M to decrease the rate of activation of the catalyst 
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When an alkylaluminum reagent is used as cocatalyst, rela- [0017] In an eighth preferred embodiment, M is a Group 
tive to an otherwise similar catalyst Wherein Q2 is replaced 8-10 metal and the catalyst comprises a bidentate ligand 
by H, Me, or Ph. selected from Set 1; 

Set 1 

Wal 

0 Br Br 0 

\H/ 
0 Br S S Br 0 

W12 
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Ar2b 

Ar2c \ ArZa 

\ N 0' 

Ar“ N 

R33 / 

R3b R30 

shcr6 

[0018] wherein: [0022] “surface” refers to a silicon or other atom 
Which is part of, or attached to, a solid support; 

[0019] RZX’Y are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected [0023] G1 is a divalent bridging group; and 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl; silyl, or ferrocenyl; in addition, R2X and [0024] Arza'm are each independently hydrocarbyl, 
Rzy may be linked by a bridging group; substituted hydrocarbyl, heteroatom attached hydro 

carbyl, heteroatom attached substituted hydrocarbyl, 
[0020] R384‘ are each independently H, hydrocarbyl, ha10> nitr0> bOrYL or trialkoxys?ane 

substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted [0025] In a ninth preferred embodiment of this ?rst aspect, 
hydrocarbyl, ?uoroalkyl, silyl, boryl, ?uoro, chloro, M is iron or cobalt, the catalyst comprises a tridentate ligand, 
bromo, cyano, or nitro; and Q2 Which is sufficiently long to eXtend sufficiently close 

to the metal M to increase the catalyst productivity at 

[0021] R‘P‘”b are each independently hydrocarbyl, elevated temperatures‘ 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted [0026] In a tenth preferred embodiment, the tridentate 
hydrocarbyl; in addition, R48 and R4b may be linked ligand of the ninth preferred embodiment of this ?rst aspect 
by a bridging group; is selected from Set 2; 
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Set 2 

R3e R3h 

Ph 0 0 Ph 
0 I R33 R3d I 

N N 

R3b l N l R30 
\ 

3r I R3g R / 

tri1 

tri2 

[0027] wherein: 

[0028] RZX’Y are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl; silyl, or ferrocenyl; and 

[0029] R384‘ are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl, ?uoroalkyl, silyl, boryl, ?uoro, chloro, 
bromo, cyano, or nitro. 

[0030] In an eleventh preferred embodiment, the catalyst 
is a titanium or Zirconium complex of a bidentate ligand 
selected from Set 3; 

Set 3 
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-continued 

R30 

[0031] wherein: 

[0032] R2X is H, hydrocarbyl, substituted hydrocar 
byl, heteroatom connected hydrocarbyl, heteroatom 
connected substituted hydrocarbyl, silyl, or ferroce 
nyl; 

[0033] R381‘ are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl, ?uoroalkyl, ?uoro, chloro, or bromo; 
and 

[0034] Arza'j are each independently hydrocarbyl, 
substituted hydrocarbyl, heteroatom attached hydro 
carbyl, heteroatom attached substituted hydrocarbyl, 
halo, nitro, boryl, or trialkoXysilane. 

[0035] In a tWelfth preferred embodiment, the catalyst 
further comprises a solid support. 

[0036] In a thirteenth preferred embodiment, the catalyst 
of the tWelfth embodiment is attached to the solid support 
via a covalent bond to the group Arla. 
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[0037] In a second aspect, this invention pertains to a 
process for the polymeriZation of ole?ns, comprising con 
tacting one or more ole?ns With the catalyst of the ?rst 
aspect. 

[0038] In a ?rst preferred embodiment of the second 
aspect, at least one of the ole?ns is ethylene. 

[0039] In a second preferred embodiment of the second 
aspect, the ole?n is ethylene, M is nickel, the temperature is 
at least 80° C., the pressure is less than about 800 psig, 
suf?cient hydrogen is added to reduce the number average 
molecular Weight of the polymer by at least 20% relative to 
an otherWise similar reaction conducted in the absence of 
hydrogen, the catalyst productivity is at least 500 kg poly 
ethylene per g nickel, and the polymer has a DSC (Differ 
ential Scanning Calorimetry) ?rst cycle peak melting point 
greater than 131° C. 

[0040] In a third, more preferred embodiment of the 
second embodiment of the second aspect, suf?cient hydro 
gen is added to reduce the number average molecular Weight 
of the polymer by at least 50% relative to an otherWise 
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similar reaction conducted in the absence of hydrogen, and 
the polymer has a DSC ?rst cycle peak melting point greater 
than 133° C. 

[0041] In a fourth preferred embodiment of the second 
aspect, at least one of the ole?ns is ethylene, M is palladium 
and the amount of chain running is reduced. In a third aspect, 
this invention pertains to a bidentate, tridentate, or tetraden 
tate ligand of the ?rst or second aspects. 

[0042] In a fourth aspect, this invention pertains to a 
process for the polymeriZation of ole?ns, comprising con 
tacting one or more ole?ns With a catalyst comprising a 
Group 8-10 metal complex of a bidentate, N,N-donor ligand, 
Wherein the ?rst of the donor nitrogens, N1, is substituted by 
an aromatic or heteroaromatic ring Wherein the ortho sub 
stituents are aryl or heteroaryl groups, and the second of the 
donor nitrogens, N2, is substituted by an aromatic or het 
eroaromatic ring Wherein one or both of the ortho substitu 
ents are other than aryl or heteroaryl; Wherein the catalyst is 
capable of homopolymeriZing ethylene to produce a poly 
mer With a number average molecular Weight of at least 
20,000 g/mole and at least 20 branch points per 1000 
carbons With a catalyst productivity of at least 500 kg 
polyethylene per g of Group 8-10 metal at a temperature of 
at least 60° C. at a partial pressure of ethylene of at least 350 
psia at a partial pressure of hydrogen of at least 2 psia. 
Preferred substituents other than aryl or heteroaryl include 
Br, Cl, CF3 and ?uoroalkyl. 

[0043] In a ?rst preferred embodiment of this fourth 
aspect, the ligand is such that the calculated rate of ole?n 
rotation in square planar complexes of the type 
(L)M(H)(R1"‘CH=CHR1b)n+, Wherein n=0 or 1, M is nickel 
or palladium, L is the bidentate, N,N-donor ligand, R18 is H 

or Me, and R1b is Me, and R1"‘CH=CHR1b is trans to N1, is 
at least 2 times higher than the calculated rate of ole?n 
rotation in the complex Wherein R1"‘CH=CHR1b is cis to 
N1. 

[0044] In a second, more preferred embodiment, the cal 
culated rate of ole?n rotation in the complex of the ?rst 
preferred embodiment of the fourth aspect Wherein 
R CH=CHR1b is trans to N1 is at least 4 times higher than 
the calculated rate of ole?n rotation in the isomeric complex 
Wherein R1"‘CH=CHR1b is cis to N1. 

[0045] In a third preferred embodiment of this fourth 
aspect, the metal is nickel, N1 is substituted by a 2,6-diaryl 
substituted aryl group or a 2,5-diaryl substituted 1-pyrrolyl 
group, and N2 is substituted by an aromatic or heteroaro 
matic ring Wherein one or both of the ortho substituents are 
other than aryl or heteroaryl. 

[0046] In a fourth, more preferred embodiment of this 
fourth aspect, the metal is nickel, N1 is substituted by a 
2,6-diaryl substituted aryl group, N2 is substituted by an 
aromatic ring Wherein one or both of the ortho substituents 
are other than aryl or heteroaryl, and the catalyst produc 
tivity is at least 500 kg polyethylene per g nickel at a 
temperature of at least 70° C. 

[0047] In a ?fth preferred embodiment of the fourth 
aspect, the process of the fourth preferred emodiment of the 
fourth aspect comprises a catalyst Wherein N2 is substituted 
by an aromatic ring Wherein one of the ortho substituents is 
aryl, heteroaryl or bromo, and the other ortho substituent is 
bromo. 

[0048] In a sixth embodiment of the fourth aspect, the 
bidentate ligand is selected from Set 4; 

“Y 
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-continued 

[0049] wherein: 

[0050] RZX’Y are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl, silyl, or ferrocenyl; in addition, R2X and 
R2y may be linked by a bridging group; 

[0051] R38‘i are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl, ?uoroalkyl, silyl, boryl, ?uoro, chloro, 
bromo, cyano, or nitro; 

[0052] Arza'rn are each independently aryl or het 
eroaryl; and 

[0053] Ar3""c are each independently 4-substituted 
aryl groups; Wherein the 4-substituents are selected 
from the group consisting of hydrocarbyl, substituted 
hydrocarbyl, heteroatom connected hydrocarbyl, 
heteroatom connected substituted hydrocarbyl, ?uo 
roalkyl, silyl, boryl, ?uoro, chloro, bromo, cyano, 
phenylsulfonyl, and nitro. 

shcr 6 

shcr8 

O Ph Ny (N Br 

[0054] In a seventh preferred embodiment of the fourth 
aspect, the ole?n is ethylene and the polymer is an ethylene 
homopolymer Wherein the average spacing betWeen branch 
points is such that there is at least a 10% eXcess of sequences 
of the type —CHR—(CH2)4n+2—CHR—, Where R is alkyl 
and n is 0 or a positive integer, relative to sequences of the 
type —CHR—(CH2)2m—CHR—, Where R is alkyl and m is 
a positive integer. 

[0055] In an eighth preferred embodiment of the fourth 
aspect, the ole?n is ethylene, N2 is substituted by a 2-aryl 
6-bromo-aryl group and the polymer is an ethylene 
homopolymer Wherein there is an eXcess of isotactic 
sequences of the type —CHR1"‘—(CH2)4n+2—CHR1b—, 
where R13 and R1b are hydrocarbyl or substituted hydrocar 
byl branches and n is 0 or 1, relative to a random distribu 
tion. 

[0056] In a ?fth aspect, this invention pertains to a poly 
mer prepared according to the process of the fourth aspect. 

[0057] In a siXth aspect, this invention pertains to a 
process for the polymeriZation of ole?ns, comprising con 
tacting one or more ole?ns With a catalyst comprising a 
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Group 8-10 metal complex of a bidentate, tridentate or 
multidentate ligand, wherein the catalyst is activated using 
an alkylaluminum compound, Wherein the alkylaluminum 
compound is subsequently selectively deactivated before the 
bulk of the polymerization has occurred. 

[0058] In a ?rst preferred embodiment of the sixth aspect, 
the alkylaluminum compound is selectively deactivated 
through the addition of a phenol or substituted phenol. 

[0059] In a second preferred embodiment of the sixth 
aspect, the Group 8-10 metal complex is a cationic nickel 
complex of a bidentate N,N-donor ligand. 

[0060] In a third preferred embodiment of the sixth aspect, 
the Group 8-10 metal complex is a cationic iron or cobalt 
complex of a tridentate ligand. 

[0061] In a seventh aspect, this invention pertains to a 
catalyst for the polymeriZation of ole?ns, comprising a 
nickel complex of a ligand of formula 2a; 

[0062] Wherein: 

[0063] RZX’Y are each independently hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl, or silyl; in addition, R2X and R2y may be 
linked by a bridging group; 

[0064] R38‘f are each independently H, hydrocarbyl, 
substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted 
hydrocarbyl, ?uoroalkyl, silyl, boryl, ?uoro, chloro, 
bromo, iodo, cyano, or nitro; 

[0065] R3X>y are each independently halo or ?uoro 
alkyl; and 

[0066] Arza’b are each independently aryl or het 
eroaryl. 

[0067] In a ?rst preferred embodiment of this seventh 
aspect, R2X and R2y are linked by a bridging group. 

[0068] In an eighth aspect, this invention pertains to a 
process for the polymeriZation of ole?ns comprising con 
tacting ethylene and optionally other ole?ns With the catalyst 
of the seventh aspect in the presence of suf?cient hydrogen 
to reduce the number average molecular Weight of the 
polymer by at least 10% relative to an otherWise similar 
process carried out in the absence of hydrogen. 

[0069] By “other ole?ns”, We mean 1-alkenes, preferably 
1-butene, 1-hexene or 1-octene, or long chain 1-alkene 
macromonomers. 

[0070] In a ninth aspect, this invention pertains to an 
ethylene homopolymer having a number average molecular 
Weight of at least 10,000 g/mole, total branching of less than 
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about 70 branches per 1000 carbons, at least 10% saturated 
hydrocarbon polymer chains, and a ratio of C5 and longer 
branches to methyl branches of at least 0.35. 

[0071] In a ?rst preferred embodiment of this ninth aspect, 
the total branching is less than about 60 branches per 1000 
carbons; at least 25% of the polymer chains are saturated 
hydrocarbon chains; and the ratio of C5 and longer branches 
to methyl branches is at least 0.40. In a second preferred 
embodiment, the total branching is less than about 60 
branches per 1000 carbons; and the ratio of C5 and longer 
branches to methyl branches is at least 0.45. In a third 
preferred embodiment, the Differential Scanning Calorim 
etry (DSC) curve of the homopolymer shoWs a bimodal melt 
endotherm on the second heat from the melt, With the area 
of the smaller of the tWo peaks representing at least 25% of 
the total melt endotherm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0072] In this disclosure, symbols ordinarily used to 
denote elements in the Periodic Table and commonly abbre 
viated groups, take their ordinary meaning, unless otherWise 
speci?ed. Thus, N, O, S, P, and Si stand for nitrogen, 
oxygen, sulfur, phosphorus, and silicon, respectively, While 
Me, Et, Pr, iPr, Bu, tBu and Ph stand for methyl, ethyl, 
propyl, iso-propyl, butyl, tert-butyl and phenyl, respectively. 

[0073] A “1-pyrrolyl or substituted 1-pyrrolyl” group 
refers to a group of formula II beloW: 

[0074] Wherein R38‘d are each independently H, hydrocar 
byl, substituted hydrocarbyl, heteroatom connected hydro 
carbyl, heteroatom connected substituted hydrocarbyl, ?uo 
roalkyl, silyl, boryl, ?uoro, chloro, bromo, cyano, or nitro; 
in addition, any tWo or more of R38‘d may be linked by a 
bridging group or groups to form bicyclic or polycyclic ring 
systems including carbaZol-9-yl and indol-1-yl. 

[0075] A “hydrocarbyl” group means a monovalent or 
divalent, linear, branched or cyclic group Which contains 
only carbon and hydrogen atoms. Examples of monovalent 
hydrocarbyls include the folloWing: CJL-C2O alkyl; CJL-C2O 
alkyl substituted With one or more groups selected from 

C1-C2O alkyl, C3-C8 cycloalkyl, and aryl; C3-C8 cycloalkyl; 
C3-C8 cycloalkyl substituted With one or more groups 
selected from C1-C2O alkyl, C3-C8 cycloalkyl, and aryl; 
C6-C14 aryl; and CG-C14 aryl substituted With one or more 
groups selected from C1-C2O alkyl, C3-C8 cycloalkyl, and 
aryl. Examples of divalent (bridging) hydrocarbyls include: 
—CH2—, —CH2CH2—, —CH2CH2CH2—, and 1,2-phe 
nylene. 

[0076] The term “aryl” refers to an aromatic carbocyclic 
monoradical, Which may be substituted or unsubstituted, 
Wherein the substituents are halo, hydrocarbyl, substituted 
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hydrocarbyl, heteroatom attached hydrocarbyl, heteroatom 
attached substituted hydrocarbyl, nitro, cyano, ?uoroalkyl, 
sulfonyl, and the like. Examples include: phenyl, naphthyl, 
anthracenyl, phenanthracenyl, 2,6-diphenylphenyl, 3,5 -dim 
ethylphenyl, 4-nitrophenyl, 3-nitrophenyl, 4-methoxyphe 
nyl, 4-dimethylaminophenyl, 2,6-dibromophenyl, 2,4,6-tri 
bromophenyl, 2,4-dibromo-6-phenylphenyl, 2,6-di(4-tert 
butylphenyl)phenyl, 2,6-di(4-tert-butylphenyl)-4 
phenylphenyl, 2,6-di(4-phenylphenyl)-4-phenylphenyl, 2,4 
dibromo-6-tri?uoromethylphenyl, 2,4-bis(4-tert 
butylphenyl)-6-tri?uoromethylphenyl, 2-chloro-4,6-di(4 
tert-butylphenyl)phenyl, 2,6-di(1-naphthyl)-4 
phenylphenyl, and the like. 

[0077] A “heterocyclic ring” refers to a carbocyclic ring 
Wherein one or more of the carbon atoms has been replaced 
by an atom selected from the group consisting of O, N, S, P, 
Se, As, Si, B, and the like. 

[0078] A “heteroaromatic ring” refers to an aromatic het 
erocyclic ring; examples include pyrrole, furan, thiophene, 
indene, imidaZole, oxaZole, isoxaZole, carbaZole, thiaZole, 
pyrimidine, pyridine, pyridaZine, pyraZine, benZothiophene, 
and the like. 

[0079] A “heteroaryl” refers to a heterocyclic ring mono 
radical Which is aromatic; examples include 1-pyrrolyl, 
2-pyrrolyl, 3-pyrrolyl, furyl, thienyl, indenyl, imidaZolyl, 
oxaZolyl, isoxaZolyl, carbaZolyl, thiaZolyl, pyrimidinyl, 
pyridyl, pyridaZinyl, pyraZinyl, benZothienyl, and the like, 
and substituted derivatives thereof. 

[0080] A“silyl” group refers to a SiR3 group Wherein Si is 
silicon and R is hydrocarbyl, substituted hydrocarbyl, het 
eroatom connected hydrocarbyl, or silyl, as in Si(SiR3)3. 

[0081] A “boryl” group refers to a BR2 or B(OR)2 group, 
Wherein R is hydrocarbyl or substituted hydrocarbyl. 

[0082] A“heteroatom” refers to an atom other than carbon 
or hydrogen. Preferred heteroatoms include oxygen, nitro 
gen, phosphorus, sulfur, selenium, arsenic, chlorine, bro 
mine, silicon, and ?uorine. 

[0083] A “substituted hydrocarbyl” refers to a monova 
lent, divalent, or trivalent hydrocarbyl substituted With one 
or more heteroatoms. Examples of monovalent substituted 
hydrocarbyls include: 2,6-dimethyl-4-methoxyphenyl, 2,6 
diisopropyl-4-methoxyphenyl, 4-cyano-2,6-dimethylphe 
nyl, 2,6-dimethyl-4-nitrophenyl, 2,6-di?uorophenyl, 2,6-di 
bromophenyl, 2,6-dichlorophenyl, 4-methoxycarbonyl-2,6 
dimethylphenyl, 2-tert-butyl-6-chlorophenyl, 2,6-dimethyl 
4-phenylsulfonylphenyl, 2,6-dimethyl-4 
tri?uoromethylphenyl, 2,6-dimethyl-4 
trimethylammoniumphenyl (associated With a Weakly 
coordinated anion), 2,6-dimethyl-4-hydroxyphenyl, 9-hy 
droxyanthr-lO-yl, 2-chloronapth-1-yl, 4-methoxyphenyl, 
4-nitrophenyl, 9-nitroanthr-10-yl, —CH2OCH3, cyano, tri 
?uoromethyl, and ?uoroalkyl. Examples of divalent (bridg 
ing) substituted hydrocarbyls include: 4-methoxy-1,2-phe 
nylene, 1-methoxymethyl-1,2-ethanediyl, 1,2 
bis(benZyloxymethyl)-1,2-ethanediyl, and 1-(4 
methoxyphenyl)-1,2-ethanediyl. 
[0084] A “heteroatom connected hydrocarbyl” refers to a 
group of the type E1O(hydrocarbyl), E2O(hydrocarbyl), or 
E2O(hydrocarbyl)2, where E10 is an atom selected from 
Group 16 and E20 is an atom selected from Group 15. A 
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“heteroatom connected substituted hydrocarbyl” refers to a 
group of the type E1O(substituted hydrocarbyl), 
E2OH(substituted hydrocarbyl), or E2O(substituted hydrocar 
byl)2, where E10 is an atom selected from Group 16 and E20 
is an atom selected from Group 15. 

[0085] The term “?uoroalkyl” as used herein refers to a 
C1-C2O alkyl group substituted by one or more ?uorine 
atoms. 

[0086] An “ole?n” refers to a compound of the formula 
R1aCH=CHR1b, where R13 and R1b may independently be 
H, hydrocarbyl, substituted hydrocarbyl, ?uoroalkyl, silyl, 
Olghydrocarbyl), or O(substituted hydrocarbyl), and Where 
R and R1b may be connected to form a cyclic ole?n, 
provided that in all cases, the substituents R18 and R1b are 
compatible With the catalyst. In the case of most Group 4-7 
catalysts, this Will generally mean that the ole?n should not 
contain good LeWis base donors, since this Will tend to 
severely inhibit catalysis. Preferred ole?ns for such catalysts 
include ethylene, propylene, butene, hexene, octene, cyclo 
pentene, norbornene, and styrene. In the case of the Group 
8-10 catalysts, LeWis basic substituents on the ole?n Will 
tend to reduce the rate of catalysis in most cases; hoWever, 
useful rates of homopolymeriZation or copolymeriZation can 
nonetheless be achieved With some of those ole?ns. Pre 
ferred ole?ns for such catalysts include ethylene, propylene, 
butene, hexene, octene, and ?uoroalkyl substituted ole?ns, 
but may also include, in the case of palladium and some of 
the more functional group tolerant nickel catalysts, nor 
bornene, substituted norbornenes (e.g., norbornenes substi 
tuted at the 5-position With halide, siloxy, silane, halo 
carbon, ester, acetyl, alcohol, or amino groups), cyclopen 
tene, ethyl undecenoate, acrylates, vinyl ethylene carbonate, 
4-vinyl-2,2-dimethyl-1,3-dioxolane, and vinyl acetate. 

[0087] In some cases, the Group 8-10 catalysts can be 
inhibited by ole?ns Which contain additional ole?nic or 
acetylenic functionality. This is especially likely if the 
catalyst is prone to “chain-running” Wherein the catalyst can 
migrate up and doWn the polymer chain betWeen insertions, 
since this can lead to the formation of relatively unreactive 
rc-allylic intermediates When the ole?n monomer contains 
additional unsaturation. Such effects are best determined on 
a case-by-case basis, but may be predicted to some extent 
through knoWledge of hoW much branching is observed With 
a given catalyst in ethylene homopolymeriZations; those 
catalysts Which tend to give relatively high levels of branch 
ing With ethylene Will tend to exhibit loWer rates When short 
chain diene co-monomers are used under the same condi 
tions. Longer chain dienes tend to be less inhibitory than 
shorter chain dienes, When other factors are kept constant, 
since the catalyst has to migrate farther to form the J'c-allyl, 
and another insertion may intervene ?rst. Similar consider 
ations apply to unsaturated esters Which are capable of 
inserting and chain-running to form relatively stable 
intramolecular chelate structures Wherein the LeWis basic 
ester functionality occupies a coordination site on the cata 
lyst. In such cases, short chain unsaturated esters, such as 
methyl acrylate, tend to be more inhibitory than long chain 
esters, such as ethyl undecenoate, if all other factors are kept 
constant. 

[0088] By “alpha-ole?n functional comonomer” We mean 
an alpha-ole?n Which contains a functional group containing 
at least one N or O atom. Preferred functional groups include 
esters, alkyl ethers, carbonates and nitrites. 
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[0089] The term “ortho” is used to refer to substituents 
attached to the 2- and 6-positions of a 1-attached, six 
membered aromatic or heteroaromatic ring, or the 2-and 
5-positions of a 1-attached, ?ve-membered aromatic or 
heteroaromatic ring, or more generally the ?rst substitutable 
positions on either side of the point of attachment of said 
aromatic or heteroaromatic ring to said donor nitrogen. 

[0090] By “chain running”, We mean the process by Which 
certain ole?n polymerization catalysts, especially those 
based on Group 8-10 transition metal complexes of biden 
tate ligands, are capable of migrating along a groWing 
polymer chain betWeen insertion events to form branched 
polymers from ethylene alone, and give modes of enchain 
ment other than 1,2 enchainment When substituted alkenes 
are polymeriZed or copolymeriZed. 

[0091] By “ole?n rotation”, We mean rotation by at least 
180° about a vector extending from said Group 8-10 metal 
to the ole?n centroid. The rate of ole?n rotation may be 
calculated using Density Field Theory/Molecular Mechanics 
programs (c.f. Ziegler et al. in J. Am. Chem. Soc. 1997, 119, 
1094 and 6177). 

[0092] By “isotactic sequences of the type —CHR1°— 
(CH2)4n+2—CHR1°—”, We mean polymer chain sequences 
of the type —CHR1°—CH2—CH2—CHR1b— or 
CHR1°(CH2)6—CHR1°— in Which the con?guration about 
the —CHR1°— center is the same as that about the 
—CHR1b— center where R18 and R1b are hydrocarbyl or 
substituted hydrocarbyl branches and n is 0 or 1. When the 
only ole?n monomer is ethylene, the most common type of 
branch Will be methyl With most of the catalysts of the 
current invention; hoWever, longer branches Will also be 
present in most cases, especially When the total number of 
branches is greater than about 10 per 1000 carbons. 

[0093] By “different (a) comonomer incorporation selec 
tivities, (b) chain running rates, (c) stereoselectivities, or (d) 
combinations thereof,” We mean a difference of at least 10%, 
preferably at least 20%, more preferably at least 40%. 

[0094] By “increase the catalyst productivity at elevated 
temperatures, or in the presence of hydrogen, or both”, We 
mean a catalyst productivity, expressed in units of kg 
polymer per mmole catalyst, Which is at least 25% higher, 
preferably 50% higher, even more preferably 100% higher 
than that observed With an otherWise similar catalyst With H, 
Me or Ph in place of group Arla, under the same reaction 
conditions. 

[0095] By “elevated temperatures”, We mean a tempera 
ture of at least 60° C., preferably at least 70° C., even more 
preferably at least 80° C. 

[0096] By “in the presence of hydrogen”, We mean an 
amount of hydrogen suf?cient to reduce the number average 
molecular Weight by at least 5%, preferably at least 10%, 
even more preferably at least 20%, relative to an otherWise 
similar reaction conducted in the absence of hydrogen. 

[0097] By “increase the regioselectivity or stereoselectiv 
ity of comonomer incorporation”, We mean an increase of at 
least 10%, preferably at least 20% in either the regioselec 
tivity or stereoselectivity of comonomer incorporation, rela 
tive to that observed for an otherWise similar catalyst With H, 
Me or Ph in place of group Arla, under the same reaction 
conditions. 
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[0098] By “reduce the amount of chain running”, We mean 
either a decrease of at least 10%, preferably at least 20%, in 
the amount of branching observed for a branched polyole?n 
derived from ethylene alone, or an increase of at least 10%, 
preferably at least 20%, in the amount of branching observed 
for a chain-straightened poly-alpha-ole?n, relative to that 
observed for an otherWise similar catalyst With H, Me or Ph 
in place of group Ar, under the same reaction conditions. 

[0099] By “chain-straightened”, We mean a poly-alpha 
ole?n With feWer branches than Would be observed using an 
ole?n polymeriZation catalyst Which cannot undergo chain 
running. 

[0100] By “increase the chain-running stereoselectivity”, 
We mean an increase of at least 10%, preferably at least 20% 
in the occurrence of con?gurational correlation betWeen 
adjacent substituted carbons along the polymer chain, rela 
tive to a purely random distribution. 

[0101] By “decrease the rate of activation of the catalyst”, 
We mean the catalyst precursor is converted into active form 
more sloWly than Would be observed for otherWise similar 
catalysts With H, Me or Ph in place of group Arla, under the 
same reaction conditions. Such sloWer activation can be 
advantageous under certain circumstances, including, for 
example, gas phase ?uidiZed bed processes, Where overly 
rapid activation can lead to over-heating of supported cata 
lyst particles and reactor fouling. 

[0102] The term “alpha-ole?n” is used to refer to an ole?n 
of formula H2C=CHR, Where R is a hydrocarbyl group. 
Preferred alpha-ole?ns are those With 3-40 carbons. A“J'c-al 
lyl” group refers to a monoanionic group With three sp2 
carbon atoms bound to a metal center in a n3-fashion. Any 
of the three sp2 carbon atoms may be substituted With a 
hydrocarbyl, substituted hydrocarbyl, heteroatom connected 
hydrocarbyl, heteroatom connected substituted hydrocarbyl, 
or O-silyl group. 

[0103] Examples of rc-allyl groups include: 

A Me C6H5 

[0104] The term rc-benZyl group denotes an rc-allyl group 
Where tWo of the sp2 carbon atoms are part of an aromatic 
ring. Examples of rc-benZyl groups include: 

[0105] A “bridging group” refers to an atom or group 
Which links tWo or more groups, Which has an appropriate 
valency to satisfy its requirements as a bridging group, and 
Which is compatible With the desired catalysis. Suitable 
examples include divalent or trivalent hydrocarbyl, substi 
tuted hydrocarbyl, heteroatom connected hydrocarbyl, het 
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eroatom connected substituted hydrocarbyl, substituted sili 
con(IV), boron(III), N(III), P(III), and P(V), —C(O)—, 
—SO2—, —C(S)—, —B(OMe)—, —C(O)C(O)—, O, S, 
and Se. In some cases, the groups Which are said to be 
“linked by a bridging group” are directly bonded to one 
another, in Which case the term “bridging group” is meant to 
refer to that bond. By “compatible With the desired cataly 
sis,” We mean the bridging group either does not interfere 
With the desired catalysis, or acts to usefully modify the 
catalyst activity or selectivity. 

[0106] The term “Weakly coordinating anion” is Well 
knoWn in the art per se and generally refers to a large bulky 
anion capable of delocaliZation of the negative charge of the 
anion. The importance of such delocaliZation depends to 
some extent on the nature of the transition metal comprising 
the cationic active species, With the Group 4-6 transition 
metals requiring less coordinating anions, such as 
B(C6F5)4_, than many Group 8-10 transition metal based 
catalysts, Which can in some cases give active catalysts With 
B134“ counteranions. Weakly coordinating anions, not all of 
Which Would be considered bulky, include, but are not 
limited to: B(C6F5)4_, P136“, B134“, SbF6_, (Ph)4B_ Wherein 
Ph=phenyl, and Ar4B_ Wherein Ar4B_=tetrakis[3,5-bis(trif 
luoromethyl)phenyl]-borate. The Weakly coordinating 
nature of such anions is knoWn and described in the litera 
ture (S. Strauss et al., Chem. Rev, 1993, 93, 927). 

[0107] The abbreviation “acac” refers to acetylacetonate. 
In general, substituted acetylacetonates, Wherein one or 
more hydrogens in the parent structure have been replaced 
by a hydrocarbyl, substituted hydrocarbyl, or ?uoroalkyl, 
may be used in place of the “acac”. Hydrocarbyl substituted 
acetylacetonates may be preferred in some cases When it is 
important, for example, to improve the solubility of a 
(ligand)Ni(acac)BF4 salt in mineral spirits. 

[0108] By “under the same reaction conditions”, We mean 
the catalyst loading, solvent, solvent volume, agitation, 
ethylene pressure, co-monomer concentration, reaction 
time, and other process relevant parameters are suf?ciently 
similar that a valid comparison can be made betWeen tWo 
catalysts. 

[0109] The phrase “one or more ole?ns” refers to the use 
of one or more chemically different ole?n monomer feed 
stocks, for example, ethylene and propylene. 

[0110] A variety of protocols may be used to generate 
active polymeriZation catalysts comprising transition metal 
complexes of various nitrogen, phosphorous, oxygen and 
sulfur donor ligands. Examples include the reaction of a 
Group 4 metallocene dichloride With MAO, (ii) the reaction 
of a Group 4 metallocene dimethyl complex With N,N 
diethylanilinium tetrakis(penta?uorophenyl)borate, (iii) the 
reaction of a Group 8 or 9 metal dihalide complex of a 
tridentate N-donor ligand With an alkylaluminum reagent, 
(iv) the reaction of a Group 8 or 9 metal dialkyl complex of 
a tridentate N-donor ligand With MAO or HB(3,5-bis(trif 
luoromethyl)phenyl)4, (v) the reaction of (Me2N)4Zr With 2 
equivalents of an N-pyrrol-l-ylsalicylimine, folloWed by 
treatment of the product of that reaction With Me3SiCl and 
then a triisobutylaluminum-modi?ed methylaluminoxane, 
and (vi) the reaction of a nickel or palladium dihalide 
complex of a bidentate N-donor ligand With an alkylalumi 
num reagent. Additional methods described herein include 
the reaction of (tridentate N-donor ligand)M(acac)B(C6F5)4 
salts With an alkylaluminum reagent, Where M is Fe(II) or 
Co(II), and the reaction of (bidentate N-donor ligand)Ni(a 
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cac)X salts With an alkylaluminum reagent, Where X is a 
Weakly coordinating anion, such as B(C6F5)4_, B134“, P136“, 
SbF6_, (F3CSO2)2N_, (F3CSO2)3C_, and OS(O)2CF3_. Cat 
ionic [(ligand)M(J'c-allyl)]+complexes With Weakly coordi 
nating counteranions, Where M is a Group 10 transition 
metal, are often also suitable catalyst precursors, requiring 
only exposure to ole?n monomer and in some cases elevated 
temperatures (40-100° C.) or added LeWis acid, or both, to 
form an active polymeriZation catalyst. 

[0111] More generally, a variety of (ligand)nM(Z1"‘)(Z1b) 
complexes, Where “ligand” refers to a compound of the 
present invention, n is 1 or 2, M is a Group 4-10 transition 
metal, and Z1'‘) and Z1b are univalent groups, or may be taken 
together to form a divalent group, may be reacted With one 
or more compounds, collectively referred to as compound Y, 
Which function as co-catalysts or activators, to generate an 
active catalyst of the form [(ligand)nM(T1"‘)(L)]+X_, Where 
n is 1 or 2, T1'‘) is a hydrogen atom or hydrocarbyl, L is an 
ole?n or neutral donor group capable of being displaced by 
an ole?n, M is a Group 4-10 transition metal, and X“ is a 
Weakly coordinating anion. When Z18 and Z1b are both 
halide, examples of compound Y include: methylaluminox 
ane (herein MAO) and other aluminum sesquioxides, R3Al, 
R2AlCl, and RAlCl2 (Wherein R is alkyl, and plural groups 
R may be the same or different). When Z1'‘) and Z1b are both 
alkyl, examples of a compound Y include: MAO and other 
aluminum sesquioxides, R3Al, R2AlCl, RAlCl2 (Wherein R 
is alkyl, and plural groups R may be the same or different), 
B(C6F5)3, RO3Sn[BF4] (wherein R0 is hydrocarbyl or sub 
stituted hydrocarbyl and plural groups R0 may be the same 
or different), H+X_, Wherein X- is a Weakly coordinating 
anion, for example, tetrakis[3,5-bis(tri?uoromethyl)phenyl] 
borate, and LeWis acidic or Bronsted acidic metal oxides, for 
example, montmorillonite clay. In some cases, for example, 
When Z18 and Z1b are both halide or carboxylate, sequential 
treatment With a metal hydrocarbyl, folloWed by reaction 
With a LeWis acid, may be required to generate an active 
catalyst. Examples of metal hydrocarbyls include: MAO, 
other aluminum sesquioxides, R3Al, R2AlCl, RAlCl2 
(Wherein R is alkyl, and plural groups R may be the same or 
different), Grignard reagents, organolithium reagents, and 
diorganoZinc reagents. Examples of LeWis acids include: 
MAO, other aluminum sesquioxides, R3Al, R2AlCl, RAlCl2 
(Wherein R is alkyl, and plural groups R may be the same or 
different), B(C6F5)3, RO3Sn[BF4] (wherein R0 is hydrocarbyl 
or substituted hydrocarbyl and plural groups R0 may be the 
same or different), and LeWis acidic metal oxides. 

[0112] The term “alkylaluminum” is used to refer to 
compounds containing at least one alkyl group bonded to 
Al(III), Which are capable of reacting With a metal complex 
of the present invention to generate an active ole?n poly 
meriZation catalyst. In general, this Will involve exchanging 
one or more alkyl groups from the aluminum With a 
monoanionic atom or group on the metal complex pro 
catalyst. In some cases, a hydride may be directly transferred 
from the [3-carbon of the aluminum alkyl to said metal 
complex. Subsequent abstraction of a second monoanionic 
atom or group from the metal complex may also be required 
to generate a cationic active catalyst. When the pro-catalyst 
is already a cationic metal complex, the role of the alkyla 
luminum may simply be to exchange an alkyl or hydride 
from the aluminum With a monoanionic group, such as 
acetylacetonate, attached to the metal complex. In the case 
of a cationic rc-allyl or rc-benZyl pro-catalyst, the alkylalu 
minum reagent may, in some cases, simply act as a LeWis 
acid, to promote conversion of the rc-allyl or rc-benZyl to a 
o-allyl or o-benZyl bonding mode, thereby facilitating bind 
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ing and insertion of the ole?n monomer. When a cationic 
pro-catalyst is used With an alkylaluminum activator or 
co-catalyst, it should also be recognized that the starting 
counteranion (e.g. B134“) may react With the alkylaluminum 
reagent to generate a neW counteranion (or a mixture of 
several different counteranions) under ole?n polymeriZation 
reaction conditions. Examples of alkylaluminum reagents 
include: MAO, other aluminum sesquioxides, Me3Al, 
EtAlCl2, Et2AlCl, R3Al, R2AlCl, RAlCl2 (Wherein R is 
alkyl, and plural groups R may be the same or different), and 
the like. 

[0113] The foregoing discussion is intended to illustrate 
that there are frequently many Ways to generate an active 
catalyst. It is an object of this disclosure to teach that there 
are a variety of methods Wherein the ligands of the present 
invention can be reacted With a suitable metal precursor, and 
optionally a co-catalyst, to generate an active ole?n poly 
meriZation catalyst. Without Wishing to be bound by theory, 
the inventors also believe that the active catalyst typically 
comprises the catalytically active metal, one or more ligands 
of the present invention, the groWing polymer chain (or a 
hydride capable of initiating a neW chain), and a site on the 
metal adjacent to the metal-alkyl bond of the chain Where 
ethylene can coordinate, or at least closely approach, prior to 
insertion. Where speci?c structures for active catalysts have 
been implied herein, it should be understood that an object 
of this invention is to teach and claim that active catalysts 
comprising the ligands of the present invention are formed 
as the reaction products of the catalyst activation reactions 
disclosed herein, regardless of the detailed structures of 
those active species. 

[0114] Active catalysts may, in some cases, be generated 
from more than one oxidation state of a given metal. For 
example, the present invention describes the use of both 
Co(III) and Co(II) catalyst precursors to effect ole?n poly 
meriZation using MAO or other alkylaluminum co-catalysts. 
Where only one oxidation state of a given metal has been 
speci?ed herein, it is therefore to be understood that other 
oxidation states of the same metal, complexed by the ligands 
of the present invention, can serve as catalyst precursors or 
active catalysts. When different oxidation state complexes of 
the ligands are used, appropriate changes in the ancillary 
ligands or the counteranion must obviously accompany any 
change in oxidation level to balance the charge. Examples 
Where multiple oxidation state precurors are especially 
likely to be encountered include, but are not limited to, 
Ti(III)/Ti(IV), Fe(III)/Fe(II), and Co(III)/Co(II). 
[0115] The catalysts of the present invention may be used 
in batch and continuous processes, in solution or slurry or 
gas phase processes. 

[0116] In some cases, it is advantageous to attach the 
catalyst to a solid support. Examples of useful solid supports 
include: inorganic oxides, such as talcs, silicas, titania, 
silica/chromia, silica/chromia/titania, silica/alumina, Zirco 
nia, aluminum phosphate gels, silaniZed silica, silica hydro 
gels, silica xerogels, silica aerogels, montmorillonite clay 
and silica co-gels, as Well as organic support materials such 
as polystyrene and functionaliZed polystyrene. (See, for 
example, S. B. Roscoe et al., “Polyole?n Spheres from 
Metallocenes Supported on Non-Interacting Polystyrene,” 
1998, Science, 280, 270-273 (1998)). 

[0117] Thus, in a preferred embodiment, the catalysts of 
the present invention are attached to a solid support (by 
“attached to a solid support” is meant ion paired With a 
component on the surface, adsorbed to the surface or 
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covalently attached to the surface) that has been pre-treated 
With an alkylaluminum compound. More generally, the 
alkylaluminum and the solid support can be combined in any 
order and any number of alkylaluminum(s) can be utiliZed. 
In addition, the supported catalyst thus formed may be 
treated With additional quantities of alkylaluminum. In 
another preferred embodiment, the compounds of the 
present invention are attached to silica that has been pre 
_treated With an alkylaluminum, for example, MAO, Et3Al, 
1Bu3Al, Et2AlCl, or Me3Al. 
[0118] Such supported catalysts are prepared by contact 
ing the transition metal compound, in a substantially inert 
solvent (by Which is meant a solvent Which is either unre 
active under the conditions of catalyst preparation, or if 
reactive, acts to usefully modify the catalyst activity or 
selectivity) With MAO-treated silica for a suf?cient period of 
time to generate the supported catalyst. Examples of sub 
stantially inert solvents include toluene, o-di?uorobenZene, 
mineral spirits, hexane, CH2Cl2, and CHCl3. 

[0119] In another preferred embodiment, the catalysts of 
the present invention are activated in solution under an inert 
atmosphere, and then adsorbed onto a silica support Which 
has been pre-treated With a silylating agent to replace 
surface silanols by trialkylsilyl groups. Methods to pre-treat 
silicas in this Way are knoWn to those skilled in the art and 
may be achieved, for example, by heating the silica With 
hexamethyldisilaZane and then removing the volatiles under 
vacuum. Avariety of precurors and procedures may be used 
to generate the activated catalyst prior to said adsorption, 
including, for example, reaction of a 
(ligand)Ni(acac)B(C6F5)4 complex With Et2AlCl in a tolu 
ene/hexane mixture under nitrogen; Where “ligand” refers to 
a compound of the present invention. 

[0120] In another, more preferred embodiment, the cata 
lysts of the present invention are covalently attached to a 
solid support and then activated in a slurry phase process by 
treatment With an alkylaluminum reagent. Methods of cova 
lent attachment include reaction of a 4-hydroxyphenyl group 
Which is part of the ligand With Si(NMe2)4, folloWed by 
reaction of the resultant ligand-O—Si(NMe2)3 derivative 
With silica. 

[0121] In several cases, metal complexes are depicted 
herein With square planar, trigonal bipyramidal, or other 
coordination, hoWever, it is to be understood that no speci?c 
geometry is implied. 

[0122] The polymeriZations may be conducted as solution 
polymeriZations, as non-solvent slurry type polymeriZations, 
as slurry polymeriZations using one or more of the ole?ns or 
other solvent as the polymeriZation medium, or in the gas 
phase. One of ordinary skill in the art, With the present 
disclosure, Would understand that the catalyst could be 
supported using a suitable catalyst support and methods 
knoWn in the art. Substantially inert solvents, such as 
toluene, hydrocarbons, methylene chloride and the like, may 
be used. Propylene and 1-butene are excellent monomers for 
use in slurry-type copolymeriZations and unused monomer 
can be ?ashed off and reused. 

[0123] Temperature and ole?n pressure have signi?cant 
effects on catalyst activity, and on polymer structure, com 
position, and molecular Weight. Suitable polymeriZation 
temperatures are preferably from about 20° C. to about 160° 
C., more preferably 60° C. to about 100° C. Suitable 
















































